Received for publicatiotn March 29, 1963 THE study of intermediary metabolism in cultured mammalian cells has been greatly facilitated by the development of chromatographic methods of separation in conjunction with the availability of radioactively labelled substrates. Thus considerable information about the metabolism and biosynthetic capacities of long established cell cultures, such as HeLa cells, has been obtained in recent years (Eagle, 1959 ; Levintow and Eagle, 1961) . This paper is concerned with a comparison of some aspects of intermediary metabolism of HeLa cells and a more recently instituted cell culture, human foetal liver cells (Westwood, MacPherson and Titmuss, 1957 Table I show that HeLa and (Barban and Schulze, 1956 ). The present results (Tables II  and III) It has been stated that every human cell culture, whether normal or malignant in origin, requires at least 13 amino acids for survival and growth. Of the amino acids which are nutritionally non-essential, the carbon skeleton of alanine was reported to be derived primarily from glucose while aspartate and glutamate derived their carbon primarily from glutamine (Eagle, 1959) . The present work (Tables II and III) shows that glucose and acetate may provide the carbon skeletons of alanine, aspartate and glutamate in the HeLa and foetal liver cells. More radioactivity from the labelled glucose was incorporated into alanine, especially by the foetal liver cells, but the acetate carbons were distributed much more evenly between the three amino-acids. The failure to detect isotopically labelled alanine or lactate in the succinate experiments (Table III) suggested that both cell types are unable to form pyruvate from either malate or oxaloacetate, although Barban and Schulze (1956) reported that extracts of HeLa cells contained malic enzyme activity. It therefore appears that the relative contribution of a labelled substrate to the carbon skeleton of a particular amino acid in cultured cells will depend on two factors. The first is the presence of the appropriate enzyme systems and the second, the proximity in the metabolic sequences of the labelled substrate to the amino acid. It is therefore not surprising that glucose carbons are preferentially incorporated into alanine, and glutamine carbons into glutamate and aspartate, as both these factors are involved. The presence of labelled glutamine in the succinate experiments (Table   III) showed that both cell types contained glutamine synthetase activity. It has been reported (Eagle, 1959) Although the qualitative patterns of incorporation of isotope from the labelled substrates into the soluble metabolic intermediates were similar for both HeLa and foetal liver cells there were some interesting quantitative differences. The HeLa cells utilised less of the labelled glucose but incorporated more radiocarbon into lactate, aspartate and glutamate (Table I ). These results show that the foetal liver cells are able to metabolise glucose carbons to a greater extent than HeLa cells. One possible mechanism is that the foetal liver cells oxidise a greater proportion of glucose to carbon dioxide. However, the relative accumulation of radioactive citrate in the acetate and succinate experiments (Tables II and III) by the foetal liver cells suggests that the tricarboxylic acid cycle is less efficient than in the HeLa cells. An alternative explanation is that the foetal liver cells incorporated more isotope from the labelled glucose into insoluble materials, such as glycogen and protein, which were not measured in the present work. This may also account for the small amounts of radioactive aspartate and glutamate formed from the labelled glucose by the foetal liver cells, since Eagle (1959) has also shown that cultured human cells incorporate the carbon skeleton of amino acids, formed from [14C]glucose. directly into protein.
The two cell types also differed in the incorporation of radiocarbon from the labelled succinate into malate and citrate (Table III) . HeLa cells formed more radioactive malate and less citrate than the foetal liver cells. The relative accumulation of labelled malate in the HeLa cells suggests that they are less efficient than the foetal liver cells in the further metabolism of malate. The increased incorporations of radiocarbon in citrate by the foetal liver cells in both the acetate (Table II) and the succinate experiments (Table III) may be related to the relatively high content of citrate found by Dickens (1941) in some types of cancerous tissue. This worker reported that tumour tissue usually contains much citrate and that when the liver of a rat bearing a Guerin tumour was analysed simultaneously with the tumour, the liver had less than 1/5 of the citrate content of the tumour. The presence of high endogenous pools of citrate in the foetal liver cells could delay the metabolism of radioactive citrate by randomisation of the labelled acid with the cold material.
